It is demonstrated that the Jain's rule for determining fractions in the quantum Hall effect can be obtained without recourse to the phenomenological concept of composite fermions. The possibility to have the special topologically nontrivial many-electron wave functions is considered. Their group classification indicate the special values of of electron density in the ground states separated by a gap from excited energies.
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Despite the fact that more than twenty years have elapsed since the experimental discovery of quantum Hall effect (QHE), the theory of this phenomenon is far from being complete (see reviews [1, 2] ). This is primarily true for the fractional quantum Hall effect (FQHE), which necessitates the electron-electron interaction and can by no means be explained by the one-particle theory, in contrast to the integer QHE. The most successful variational many-electron wave function for explaining the 1/3 fraction was constructed by Laughlin [3, 4] . In those works, the approximation of extremely high magnetic field was used, in which one can restrict oneself to the states of the lowest Landau level. However, this does not conform to the experimental situation, where the cyclotron energy is on the order of the mean energy of electron-electron interaction. Moreover, this approach encounters difficulties in generalizing to the other fractions. Computer simulations give a rather crude approximation for the realistic multiparticle functions, because the number of particles in the corresponding calculations on modern computers does not exceed several tens. The most successful phenomenological description is given by the Jain's model of "composite" fermions [5, 6] , which predicts the majority of observed fractions. According to this model, electrons are dressed by magnetic-flux quanta with magnetic field concentrated in an infinitely narrow region around each electron. It is assumed that even number of flux quanta provides that these particles are fermions. The inclusion of this additional magnetic field in the formalized theory leads to the so-called Chern-Simons Hamiltonian. This approach is described in detail in [7] . However, actual calculations use the mean-field approximation, in which the effective magnetic field is assumed to be equal to the sum of an external magnetic field and an additional constant magnetic field that provides the total number of additional magnetic-flux quanta for all composite electrons. It is just this fact which leads to the Jain's rule for fractional electron densities ρ e = H φ 0 l 1+2l corresponding to the complete filling of Landau levels in the effective magnetic field, when it is assumed that there are −2 flux quanta per a composite electron, if the external-field flux is taken to be positive and l is a positive integer. According to this model, one can assert that, as l → ∞ and ρ e → 1 2
, the effective magnetic field turns to zero and the composite fermions should behave as the ordinary 2D Fermi liquid in the absence of magnetic field. This statement explains qualitatively the experimentally observed phenomena for the half-filled Landau level. Attempts at extending the calculations beyond the mean-field approximation for the Chern-Simons Hamiltonian revealed numerous intrinsic difficulties of this theory and did not result in the calculation of the assumed Fermi-liquid parameters for halffilled Landau level. A review of works on this subject can be found in the B. Halperin's article published in [2] .
The introduction of an infinitely narrow region around each electron, which, nevertheless, provides a finite flux for the internal magnetic field, seems to be quite artificial. When accepted on the microscopic level, this electron property cardinally changes our notion of electron and, in fact, bears no relation to two-dimensionality or to the presence of an external magnetic field.
However, the theory of FQHE can likely be developed on a different physical basis that is associated with the existence of topological textures stable to finite deformations. The topological classification of multiparticle wave functions is a rather complicated mathematical problem, and, to my knowledge, no simple and, simultaneously, -effective definition of topological classes is presently given. The classification of topological excitations is well elaborated for a ferromagnetic 2D electron gas in a strong magnetic field with filling ν = 1 (skyrmions [8, 9] ). When developing the theory, one can apply the canonical transformation to electron spinors ψ( r)at each point by introducing new spinors χ( r)), according to the equation
where U is the rotation matrix depending on the three Euler angles; e.g.,
(indices denote the rotation axes). After the canonical transformation, the Lagrangian of interacting electrons takes the form (in the system of units where
and V ( r − r ′ ) is the Coulomb interaction. It is assumed that γ = α, because the angle γ plays an auxiliary role, eliminating the singularities of the matrix U. The spinors ψ and ψ + are the electron-field operators obeying the Fermi commutation rules. One can readily verify that χ + and χ satisfy the same commutation rules. The new Lagrangian is formally equivalent to the initial one withΩ = 0. Hence, this Lagrangian gives electronic states corresponding toΩ = 0, because one can always perform inverse transformation. However, one may attempt to seek for any other states that are characteristic of the Lagrangian withΩ = 0]. This program can be successfully implemented in the case where U changes only slightly at a distance of the order of magnetic length l 2 H =h eH (H is the external magnetic field) and all Ω l are small. At large distances, β = 0, so that the matrix U only rotates spinors around the z axis, which aligns with the spin orientation in a homogeneous ferromagnet and endows them a nontrivial phase. The desired electronic state for operators χ and χ + can be obtained perturbatively for smallΩ from a uniform ferromagnetic state for operators χ. The existence of a topological number
, which is determined by the number of revolutions through the angle α( r) upon going around the infinite far contour, is a nontrivial topological requirement. This circumstance K = 0 precisely defines the wave-function topological class and makes the wave-function deformation into the trivial ferromagnetic state with identical directions of all ψ spinors impossible. Thus,Ω with different K characterize the topologically different classes of multiparticle wave functions. The condition β = π at the points α( r) singularity (of the polar-angle type) guarantees the absence of singularities for Ω. This approach was suggested in [10] ; various physical quantities were calculated in [11, 12] in the leading order of perturbation theory. The results coincided with those obtained by other methods (see [7, 8] ). The quantity curl Ω z plays the role of an additional effective magnetic field, and this field is the collective property of the multiparticle wave function rather than the attribute of an individual electron. The calculations of electron density, energy, and spin density can be, in principle, carried out up to any order in the derivatives of matrix U.
This example demonstrates the method of determining isolated topological excitations. However, this approach can be extended to the analysis of the texture and a multiparticle wave function corresponding to the finite density of topological number K on 2d plain. The analysis of arbitrary textures of this type forΩ involves great methodological difficulties and, likely, bears no direct relation to the ground-state classification. We, therefore, assume that these textures are near-periodic, so that the average-spin field is periodic. Let us consider an elementary cell. We assume that the average spin vector at the elementary cell boundary has a constant value and is aligned with the z axis in the spin space. Thus, the angle β is assumed to be a periodic function in 2d plane, with β = 0 at the elementary cell boundaries. The angle α is assumed to possess vortex singularity at some point inside each unit cell, for which we assume that β = π in order to eliminate the singularities of Ω( r). One can set, for example, α = α i , where the summation goes over all elementary cells and α i ( r) is the polar angle centered inside the i elementary cell. Therefore, each cell is characterized by the same topological number K = 1 2π
curl Ω z d 2 r that specifies the integer number of the flux quanta for the additional effective magnetic field with the average value H ef f = K σ over the sample area, where σ is the elementary cell area. Taking ferromagnetic χ and χ + as the main approximation, the average spin n( r) gives the K-fold mapping of any elementary cell onto unit sphere. Although the sum α = α i over all cells is, formally, a periodic function, it diverges. Since only sin α and cos α enter the expression forΩ, the modulo 2π convergence is sufficient. I will adopt, without proof, that either this convergence holds or Ω x,y can be regularized in a periodic manner.
The suggested construction of finite-energy vortices without core singularity (regularΩ) is not unique. For example, in the absence of free spins (large g factor), one can consider two quantization levels (for the motion perpendicular to the 2D plane) and introduce the corresponding isospin, after which an analogous construction, though with different constants, can be obtained for the isospin.
It is not my intention to calculate electron energy in such textures. This is a rather complicated problem for elementary cell sizes of the order of magnetic length, for which the gradient expansion inΩ is impossible. My goal is to classify the electronic states with the aim of determining certain special density values that correspond to the ground states separated by a gap from the excited states. The problem of numerical calculation of the gap can be posed after the classification of ground states.
We have, in fact, a system of interacting electrons in a periodic effective magnetic field (the sum of the external magnetic field and a periodic vortex magnetic field in elementary cells) with nonzero average. The corresponding transformation group consists of the magnetic translations and is the projective representation of the conventional translation group. According to the well-known analysis (Brown, Zak; see, e.g., [13] ) for noninteracting electrons, the band spectrum is regular only for a rational number of flux quanta. The irrational number of quanta or a rational number with large coprime numer-ator and denominator gives a highly irregular structure with the allowed and forbidden bands dense in a certain energy region. One can assume, in the spirit of the Fermi-liquid theory, that the interaction does not affect these spectral features. Restricting oneself to the simplest fractions, for which the total effective-field flux through the elementary cell is (H/σ + Kφ 0 ) = and must correspond to the filled set of bands obtained from S σ states in the absence of magnetic field, though in a periodic potential with the period specified by the elementary cell. Here, S is the sample area. Simple analysis states [13] that this initial band is split into l subbands, each being (odd l) l-fold or (even l) l/2-fold degenerate, and with the fraction of the number of states in each subband being (odd l)equal to 1/l 2 or (even l) to 2/l 2 . However, the total number of states in all subbands is S/σ. One can assume that, even in the presence of interaction, these states are separated from the higher-energy states by the greatest gap. The structure of inner forbidden bands is irrelevant because all lower-lying states are filled. Note that the evenness of the K number is immaterial, because, in contrast to the composite-fermion model, the Fermi commutation rules for the operators χ and χ + are fulfilled automatically and have no relation to the topological number K. The occurrence of any specific numbers of vortex-field flux quanta can be dictated by the ground-state energy. Assuming that K = −2 is energetically most favorable and corresponds to the largest gaps, one arrives at the Jain's ρ e = Thus, I have reproduced the key statement of the theory of composite fermions. Of course, these results are quite crude and, to some extent, hypothetical. The energy gap, the properties of elementary charge excitations, and the conductivity calculations, as well as the analysis of different K and l values are still open questions, and the approach to these problems is as yet unclear. However, the fact that these results are obtained within the standard physical approach, without invoking the cardinal hypotheses about electron properties, is quite attractive. The results are published in [14] .
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